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Abstract – Nacrtak
The purpose of the study was to examine the ability of LiDAR (Light Detection and Ranging) 
to derive terrain slope over large areas and to use the derived slope data to model the effect of 
slope on the productivity of a self-levelling feller-buncher in order to predict its productivity 
for a wide range of slopes.
The study was carried out for a self-levelling tracked feller-buncher in a 24-year old radiata 
pine (Pinus radiata) plantation near Port Arthur, Tasmania, Australia undertaking a clear 
felling operation. Tree heights and diameter at breast height were measured prior to the harvest-
ing operation. Low intensity LiDAR (>3 points m-2) flown in 2011 over the study site was 
used to derive slope classes. A time and motion study carried out for the harvesting operation 
was used to evaluate the impact of tree volume and slope on the feller-buncher productivity.
The results showed the ability of LiDAR to derive terrain slope classes. The study found that 
for an average tree volume of 0.53 m3, productivities of 97 m3 PMH0-1 (Productive Machine 
Hours excluding delays) and 73 m3 PMH0-1 were predicted for the moderate slope (11–18°) 
and steep slope (18–27°), respectively. The difference in feller-buncher productivity between 
the two slope classes was found to result from operator technique differences related to felling. 
The productivity models were tested with trees within the study area not used in model devel-
opment and were found to be able to predict the productivity of the feller-buncher.
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2. Material and methods 
Materijal i metode


















Table 1 Means and value ranges for pre-harvest tree measurements





Height – Visina, m 26.1 10–37
DBH – Prsni promjer, m 0.29 0.10–0.46
Basal area – Temeljnica, m2 0.07 0.01–0.16








to	 estimate	 each	 tree	 merchantable	 volume	 (m3).	
Means	and	value	ranges	for	pre-harvest	tree	measure-
ments	are	presented	in	Table	1.
























2.3 Time and motion study – Studij rada 
i vremena
An	operator	with	 twelve	years	 experience	 (two	
years	with	current	machine)	carried	out	the	harvesting	
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Table 2 LiDAR parameters and scanning system settings
Tablica 2. Parametri LiDAR-a i postavke sustava snimanja
LiDAR attribute – Obilježja LiDAR-a Values – Vrijednosti
Date of flight – Datum leta 25/05/2011
System – Sustav ALTM (Airborne Laser Terrain Mapping) Gemini
Beam divergence – Odstupanje pulsa 0.20 milliradian
Footprint diameter – Prostorna rezolucija 20 cm
Laser mode – Mod lasera Single pulse
Pulse return density (range) – Gustoća povratka pulsa (raspon) >3 m-2 (1st , 2nd, 3rd and last) (2.3–3.2)
Horizontal accuracy – Horizontalna točnost 0.15 m
Vertical accuracy – Vertikalna točnost 0.15 m
Pulse rate frequency – Frekvencija pulsa 70 kHz
Table 3 Description of time elements
Tablica 3. Opis radnih sastavnica
Time elements – Radne sastavnice
Moving time: Begins when the feller-buncher or the boom starts to move to a tree and ends when machine head is clamped on the tree
Premještanje: Započinje kada feler bančer ili dizalica započinje s pomicanjem i završava kada sječna glava zahvati stablo
Felling time: Starts when the feller-buncher head clamps on to the tree stem and ends when the tree touches the ground
Sječa: Započinje kada sječna glava zahvati stablo te završava kada posječeno stablo dodirne tlo
Stacking time: Starts when the feller-buncher grabs a log and ends when it drops the log onto the pile
Uhrpavanje: Započinje kada feler bančer zahvati deblo i završava u trenutku kada ga ispusti na složaj
Cycle time: Starts when the feller-buncher commences moving to a tree and ends when the feller-buncher completes felling the tree
Vrijeme turnusa: Započinje premještanjem feler bančera ka stablu i završava kad feler bančer posječe stablo
Delay: Any interruption to the harvesting operation spending extra time. The cause of the delay (e.g. operational, personal, mechanical, or study induced) 
is recorded
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2.4 Data analysis – Obrada podataka
Productivity	models	for	the	feller-buncher	were	
developed	based	on	the	cycle	times	for	the	trees	se-
Fig. 1 LiDAR-derived slope class (Field tree distribution and Field measured tree rows refer to approximate locations)
Slika 1. Razredi nagiba terena izvedeni iz LiDAR-ovih snimaka (terenske izmjere redova i pojedinih stabala odnose se na približne položaje)
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development	 areas.	 The	 productivity	 of	 the	 feller-
buncher	for	each	of	these	trees	was	calculated	using	
cycle	time	and	tree	volume	and	was	estimated	using	

































Table 4 Summary tree volume (m3) statistics for each slope class





Mean volume – Srednji obujam, m3 0.55 0.51
SD – Standardna devijacija, m3 0.26 0.26
Volume range – Raspon obujma, m3 0.05–1.12 0.13–1.20
Count – Veličina uzorka 126 124
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Table 5 Model coefficients and goodness of fit statistics for the feller-buncher productivity model for each slope class
Tablica 5. Koeficijenti modela i dobrota statističke prikladnosti modela proizvodnosti feler bančera za svaki razred nagiba
Model coefficients – Koef. modela Goodness of fit statistics – Dobrota statističke prikladnosti
b0 b1 MBE MAD RMSE R
2
Moderate slope – Umjereni nagib (11–18°) 12.3 3.8 2.5 24.0 34.7 0.60
Steep slope – Strmi nagib (18–27°) 10.8 3.5 2.0 17.7 25.8 0.61
Table 6 Feller-buncher mean felling and moving times, standard deviations (SD), min. and max. values for slope classes at the study site
Tablica 6. Deskriptivna statistika vremena sječe i premještanja za razrede nagiba istraživane sječine

















































































































Moderate slope – Umjereni nagib (11–18°) 9.7 5.4 4.9 56.4 11.6 7.7 3.5 44.6



























Fig. 2 Productivity of the feller-buncher against tree volume for 
moderate slope (11–18°) and steep slope (18–27°)
Slika 2. Ovisnost proizvodnosti feler bančera o obujmu stabla za 
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between	 the	 slope	classes	 in	 the	current	 study,	 the	


































Fig. 3 Predicted productivity as a function of measured productiv-
ity for moderate slope (11–18°) and steep slope (18–27°) of the 
model testing areas
Slika 3. Predviđena proizvodnost kao funkcija izmjerene proizvod-
nosti za umjereni (11–18°) i strmi (18–27°) nagib istraživane sječine
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cable	where	 topographic	variability	 is	 significantly	
different	(higher	or	lower)	from	the	model	develop-
ment	areas,	because	the	assignment	of	trees	for	each	






terrain	 slope,	 LiDAR	has	 been	 demonstrated	 by	 a	
number	of	researchers	to	be	able	to	accurately	predict	
tree	volume	(e.g.	Hyyppa	et	al.	2001,	Persson	et	al.	
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 	 Sažetak	  
Proizvodnost feler bančera sa žiroskopskom kabinom temeljena na nagibu 
terena izvedenom iz LiDAR-ovih snimaka
Cilj je istraživanja bio ocijeniti mogućnost uporabe LiDAR-ovih snimaka za određivanje nagiba terena na velikim 
površinama te ispitati djelovanje nagiba na proizvodnost feler bančera sa žiroskopskom kabinom.
Istraživanje je provedeno u čistoj sječi plantaže smolastoga bora (Pinus radiata) u Tasmaniji, u blizini Port 
Arthura (Australija). Plantaža je bila u dobi od 24 godine. Korišten je feler bančer sa žiroskopskom kabinom, oprem-
ljen gusjenicama.
Visina i prsni promjer stabala mjereni su prije sječe. Upotrijebljene su LiDAR-ove snimke niskoga intenziteta (>3 
točke po m2) iz 2011. godine kako bi se odredio nagib terena. Pri sječi i izradbi obavljen je i studij rada i vremena radi 
određivanja proizvodnosti vozila, a u ovisnosti o obujmu posječenih stabala i nagibu terena.
Rezultati istraživanja dokazuju primjenjivost LiDAR-ovih snimaka za raščlambu nagiba terena. Može se zaključiti 
da je za stablo prosječna drvnoga obujma od 0,53 m3 proizvodnost feler bančera sa žiroskopskom kabinom bila 97 m3/h 
(ne uključujući prekide rada) na terenu umjerena nagiba (11–18°) odnosno 73 m3/h (ne uključujući prekide rada) na 
strmijim terenima (18–27°). Razlika u proizvodnosti vozila zasniva se na različitim postupcima pri sječi i izradi koje 
je radnik morao obavljati ovisno o nagibu terena. Modeli proizvodnosti temelje se na stvarno posječenom i izrađenom 
drvnom obujmu.
Ključne riječi: Tasmanija, proizvodnost, feler bančer sa žiroskopskom kabinom, LiDAR, strojna sječa, nagib
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